Delayed-type cutaneous reactivity to 2,4-dinitrochlorobenzene and 2,4-dinitrofluorobenzene in guinea pigs was transferred passively by fluids in which leukocytes from sensitive animals were incubated. Cells from peritoneal exudates, lymph nodes, and alveolar washings were employed. The cell-free transfer material was dialyzable, of small molecular size, and stable to 56 C for 30 min and -65 C for at least 9 weeks. It gave a ratio at 280 to 260 nm of 0.71. The relationships between temperature, pH, and cellular release of the transfer material were studied.
exudative leucocytes was described by Jeter, Tremaine, and Seebohm (7) in 1954. At about the same time, Lawrence (10, 11) employed extracts of human blood leukocytes to transfer cutaneous reactivity to streptococcal M substance and tuberculin in human beings. Some authors (9, 14, 17) have confirmed passive transfer with subcellular materials, whereas others (1, 3; B. R. Bloom (2) , who, after extensive attempts, were unable to confirm the reports of passive transfer of chemical and tuberculin hypersensitivity in the guinea pig with subcellular materials.
Guthrie, Ellis, and Brock (5) found that holding peritoneal cells from animals sensitive to 2,4-dinitrofluorobenzene (DNFB) in collecting fluids permitted the release of substances which would passively transfer sensitivity.
The purpose of these studies was to investigate the transfer capabilities of fluids and cells after periods of incubation and to examine the active material(s). I greater, 20 ml of sterile light mineral oil was injected intra-abdominally into each. After 48 hr, the animals were anesthetized with ether and exsanguinated by cardiac puncture. Peritoneal exudative cells were collected in three washes of the abdominal cavity with Hanks balanced salt solution (HBSS) containing heparin (1000 units/liter). The washings were pooled and immediately centrifuged at 500 X g for 15 min. Suprascapular and axillary lymph nodes were dissected from the animals. trimmed, and minced, and the cells were expressed through a stainless-steel screen. Lungs were removed, and the alveoli were lavaged with HBSS. In all cases, cells were collected as rapidly as possible, usually within 45 min. Cells were washed twice in HBSS and centrifuged at 500 X g for 15 min. Half the cells from each source was injected intraabdominally into recipient animals immediately after collection. The other half was incubated with frequent, gentle agitation in siliconized tubes for 4 hr at 37 C in the ratio of 109 cells/7.5 ml of HBSS. After this incubation period, the cells were sedimented at 500 X g for 20 min. The fluid phase and the cellular phase were injected into separate recipients. Cell counts. Total white cell and differential counts were done in all experiments. The neutral red-Janus Green supravital stain (16) was employed for differential counts to separate monocytes from large lymphocytes. Cell viability was determined by the trypan blue exclusion technique of Pappenheimer (15) .
Isolation of transfer factor. For the isolation of transfer factor from leukocyte incubation fluids, 2 X 109 cells/15 ml of HBSS were sedimented at 500 X g for 20 min, and the supernatant fluid was clarified at 1200 X g for 30 min. Half the clarified material was injected intra-abdominally into a recipient animal to assay passive transfer activity. The temperature was employed for collection of cells, and rapid processing techniques were found to be essential for obtaining active cellular incubation fluids. Incubation of cells was at 37 C.
To determine whether different incubation temperatures affected the release of transfer material for DNFB from cells, three additional temperatures (4, 25 and 45 C) were employed. When 1.2 x 109 to 1.4 X 10' cells from combined lymph node and peritoneal exudative sources were incubated at 4 C, there was no measurable release of transfer material (Table 3) . Activity was found in cellular supernatant fluids after incubation at 25 and 45 C, but it was less than that which occurred in fluids from cells incubated at 37 C. Cells after incubation, on the other hand, gave 2 + skin reactions after incubation at 4 and 25 C, whereas they were less active after 37 C treatment.
Cellular viability and pH of the medium after incubation were also examined in relation to incubation temperatures. Table 3 shows that when 1.2 X 10' cells were incubated in HBSS at 4, 25, and 37 C, the pH of the fluid dropped and passive transfer activity increased as the temperature rose to 37 C. Cellular viability remained relatively constant (38 to 49%). At 45 C, however, cellular viability dropped sharply (to about 20%°), as did transfer activity. Although there was some decline in pH at 45 C, it was less than that which occurred at 37 C.
When the pH of the incubation medium was maintained constant at several levels by the periodic addition of 1.5% NaHCO3 and the temperature waskept at 37 C, the effect of pH on viability, release of transfer material, and cellular transfer activity could be measured. The results (Table 4) show that cells maintained at pH 7.2 to 7.4 exhibit the greatest viability and cellular passive transfer activity but the poorest release of transfer factor into the medium. At lower pH ranges (6.0 to 6.2 or 6.6 to 6.8) there was decreased viability with greater release of transfer material into the medium. Thus, we concluded that incubation of cells at 37 C with no correction of pH (which allowed the pH to fall to 6.0 to 6.2) was optimal for release of transfer material into the medium.
Transfer capacity of cell-free incubation fluids was found to be stable to heat at 56 C for 30 min, and the fluids could be stored at -65 C for at least 9 weeks without loss of activity.
In one group of experiments, half the fluid in which 2 X 109 combined lymph node and peritoneal exudative cells were incubated was tested for transfer activity with a resultant 3 + reaction in the recipient. The other half was applied to a Sephadex G200 column. Fractions were analyzed at 260 and 280 nm, and a profile was determined by plotting optical density against elution volume at 280 nm. Three peaks were observed. Two of these corresponded to the first two fractions of guinea pig serum applied to the same column. A third fraction, of somewhat smaller molecular size than the third serum fraction, was observed. Only this third fraction was active in passive transfer. It gave a 3 + reaction comparable to that obtained with the whole incubation fluid.
The incubation fluid from 2 X 109 cells was dialyzed against 200 ml (20 volumes) of 0.15 M NaCl at 4 C for 18 hr with constant stirring. The dialysate was concentrated to original volume by lyophilization. Half was tested for transfer activity with a resultant 3 + reaction. The other half was applied to a Sephadex G200 column. A single fraction corresponding to the third fraction noted in the chromatographic separation of the whole (not dialyzed) incubation fluids was found. Passive transfer activity with this fraction (3 +) was comparable to that of the material which was dialyzed but not chromatographed. Bag contents were shown to be lacking in transfer activity, suggesting that the portion (approximately 5X%) of the material expected to remain at equilibrium was too smaU in amount to effect transfer.
A complete spectral analysis of the active fraction from G200 separation and the dialysate showed absorbancy only in the ultraviolet region. The ratio at 280 On finding that the transfer material was released into the incubation medium, it seemed appropriate to determine some of the conditions under which release occurred and to ascertain some of the characteristics of the active substance.
The cells incubated in HBSS released transfer material into the medium when incubation was done at 37 C, and the pH left uncontrolled, so that it dropped to pH 6.2 to 6.4. Bloom and Chase (2) were not able to obtain release of material effective in passive transfer by incubation of leukocytes. However, they employed a "fortified" Eagle's medium containing 5 % calf serum and increased bicarbonate to control pH. In our experiments, it appears that competent leukocytes release active transfer material into the incubation medium in a nonspecific manner depending on certain environmental conditions. Some workers (8, 13) have reported the release of transfer material from sensitive leukocytes in vitro only during incubation with antigen. Bloom and Chase (2) could not demonstrate the release of active material even in the presence of antigen. In our experiments, the presence of antigen was not required for release when proper incubation conditions were employed.
The active component of incubation fluids was found to be dialyzable, of small molecular size, and to give a ratio at 280 to 260 nm of 0.71. Some of these characteristics are similar to those described by Lawrence (12) for transfer factor from cells of human origin.
We excluded the possibility of another transfer factor of larger molecular size in incubation fluids by testing for biological activity in all fractions. We cannot exclude the possibility of the existence of another transfer factor(s) in other delayed hypersensitivity systems or in these systems where different procedures might be employed.
